In this work, the synthesis and complexation properties of a new compound, 1,3-bis[5-(2-hydroxyphenyl)-4-phenyl-1,2,4-triazole-3-yl-thio]propane (BTP), towards certain transition metal ions, (M(II) where M = Zn, Cu, Ni) in acetonitrile is reported. A hard-modeling strategy was applied to UV-Visible spectroscopy data obtained from monitoring the reaction between BTP and the selected metal ions to determine the concentration profiles of each species and the corresponding stability constant(s) of the complex(es). The stability constants of complexes are always defined in terms of their free metal, free ligand and complexed forms. These constants are influenced by parameters such as the type of metal, ligand, counterion or solvent. In this study, the formation constants of the complexes were determined for the synthesized ligand with several metallic cations in acetonitrile solvent by UV-Vis spectrophotometry.
Introduction
The synthesis and metal complex structures of substituted 1,2,4-triazole ligands have gained considerable attention in recent years [1] [2] [3] [4] [5] . 1,2,4-triazole and its derivatives are very interesting ligands because they combine the coordination geometry of both pyrazole and imidazole with regard to the arrangement of their three heteroatoms. Many transition metal complexes of 1,2,4-triazoles derivatives can be synthesized [6] . Triazoles are nitrogencontaining organic compounds, and their metal complexes display a broad range of biological activity, acting as antitumor, antibacterial, antifungal and antiviral agents [7] . Substituted 1,2,4-triazoles have been actively studied as bridging ligands between transition metal(II) ions coordinating through their N1 and N2 atoms. The design and construction of coordination ligands using the 1,2,4-triazole moiety as a part of a ligand system has gained great attention in recent years [8] . The complexes of 1,2,4-triazole and its derivatives are also good candidates for the construction of various metal coordination polymers [9] [10] [11] [12] [13] .
Traditionally, in order to study the complaxation of new synthesized ligand with metallic cations, potentiometry, paper electrophoresis, membrane permeation, affinity capillary electrophoresis, UV-vis and fluorescence spectroscopy, and mass spectrometry can be used [14] [15] [16] [17] . In this study, UV-vis spectroscopy was chosen because of its simplicity, low cost and availability of the UV-vis spectrophotometer in most laboratories.
The development of chelating reagents specific for bivalent metal ions (Zn(II), Cu(II) and Ni(II)) is becoming increasingly important in a wide variety of applications in the medical, pharmaceutical and related fields. In this work the complexation behavior of a newly synthesized BTP ligand with selected metallic cations has been studied using a model-based analysis. The formation constants of the complexes of the synthesized ligand, BTP, with several metallic cations in acetonitrile solvent were determined by UV-vis spectrophotometry and hard model analysis.
Leco CHNS 932 elemental analyzer. IR spectra were obtained using a Nexus 670 FT-IR Thermo Nicolet spectrometer using a KBr disk. 
Complex Formation
All solutions were prepared using acetonitrile. Small volumes of concentrated metal cation solutions (e.g. 0-150 µL from stock solutions with a concentration of 10 
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Treatment of the Experimental Data
For the case of a one-step ML 2 complex formation, the following equation could be derived using the ligand concentration [19] :
Theory of Model-Based Analysis
The theory of model based analysis (hard model analysis) has been presented in the litrtures [20] . Absorption data are governed by Beer-Lambert's law and the measurements are well-described by a matrix equation: (8) where D is a matrix with rows formed by the absorption spectra measured as a function of the progress of the process. The columns of D are the absorption traces measured at different wavelengths. According to Beer-Lambert's law, this matrix can be decomposed into the product of a matrix C containing, column-wise, the concentration profiles of the absorbing species and a matrix S containing, row-wise, their molar absorptivities. Matrix E is a collection of the residuals, the difference between the measurement D and its calculated representation CS T . Hard model analysis consists of finding a set of parameters for which the sum over all the squares, ssq, over all the elements of the error matrix, E, is minimal [20] .
This crucial sum is a function of the measurement, D, the pre-defined model and the parameters:
Starting with initial guesses of the equilibrium constants (K f1 and K f2 ), the concentration profiles based on the model proposed are constructed. These equilibrium constants are refined in an iterative approach using the NGL/M algorithm so as to minimize the ssq. If the improvement in ssq in two successive iterations is below a certain threshold, i.e. the shift in the parameters resulted in no further improvement of the ssq value, then the process is terminated, and the final values of the parameters leading to the last ssq is reported. It must be mentioned that in each iteration, the matrix of the linear parameters (S T ) is calculated explicitly as S T = C + D. To summarize, given the model and the measurement D, Equation (8) can be written as
Also it should be noted that the most difficult aspect of the model-based approach is to define the correct chemical model. A soft model process (e.g. multivariate curve resolution-alternative least squares or MCR-ALS) [21] [22] [23] can be used prior to applying any equation during any hard model approach.
Analysis of Experimental Data
The complexometric spectra for the complexation of Cu 2+ with the ligand BTP was represented in Figure 1 . The number of spectrophotometrically active components was specified by singular value decomposition (SVD) of data. The results indicated that there are three major components (Figure 2) . The results of the MCR analysis for this dataset (not shown) support the assumption that the system obeys Equations (1)-(5), therefore the absorbing components in this system could be assumed to be L, CuL 2 and Cu 2+ (solvated cation). Hard model analysis was then applied for determination of K f as well as resolving the system and acquiring the pure spectra. The results are shown in Figure 3 . The equilibrium constant of the CuL 2 complex was calculated to be 10 6.01 -10 6.10 using different initial estimates. The same analysis was done for the complexation of Ni 2+ with BTP in acetonitrile. Figure 4 represents the complexometric spectra of BTP with Ni 2+ . The number of significant components was estimated using the SVD algorithm. Figure 5 shows that there are 2 significant components in this matrix. Because the investigated wavelength range for this data was from 240 nm to 400 nm and also because the solvated form of Ni 2+ had no absorbance in this range, it can be concluded that the active spectroscopic components were the ligand itself Copyright © 2012 SciRes. AJAC
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and the resulting complex. Model-based analysis of this dataset as a 2:1 complex formed in one step is shown in Figure 6 . The stability constant of this complex was calculated to be 10 6 . The complexometric spectra for the complexation of Zn 2+ by the ligand BTP was presented in Figures 7-8 . The results of model-based analysis of the complexation of Zn 2+ by the ligand BTP was presented in Figure 9 . The stability constant of the ZnL 2 complex was calculated to be 10 9.11 -10 9.12 using different initial estimates.
Conclusion
In this work, the synthesis and complexation properties of a new compound, 1,3-bis[5-(2-hydroxyphenyl)-4-phenyl-1,2,4-triazole-3-yl-thio]propane (BTP), towards certain transition metal ions, (M(II) where M = Zn, Cu, Ni) in acetonitrile is reported. A hard-modeling strategy was applied to UV-Visible spectroscopy data obtained from monitoring the reaction between BTP and the selected metal ions to determine the concentration profiles of each species and the corresponding stability constant(s) of the complex(es 
